The results of X-ray and optical observations of the candidate intermediate polar TW Pic are presented in an attempt to understand its nature. We find no sign of the previously proposed ,2 h white-dwarf spin period and ,6 h orbital period of TW Pic in its X-ray light curve. There is therefore no convincing evidence in support of its previous classification. The lack of X-ray pulsation could be the result of a low inclination angle, but in that case there would be no reason why an optical pulsation should have been seen previously. Negative results from polarimetry also preclude TW Pic from being a polar. One possibility may be that the shorter of the two periods is in fact the orbital period, whilst the longer one is a harmonic of a disc precession period. Alternatively, both the high accretion rate and period structure of TW Pic indicate that it may be a system that displays persistent negative superhumps. In this case the true orbital period of the binary may be around 6.36 h and the shorter of the two previously identified periods, 1.996 h, represents the (shifted) second harmonic of a negative superhump period of 6.06 h. Under this interpretation, it would be the longest period system to display such a phenomenon. Finally there is also evidence that TW Pic may be a VY Scl star, in which case it would be the longest period member of that subclass too.
INTRODUCTION
TW Pictoris is a 14th magnitude cataclysmic variable, which was identified by Tuohy et al. (1986) as the optical counterpart to the HEAO-1 X-ray source H0534±581. Although Tuohy et al. (1986) failed to detect any periodicities in either optical photometry or EXOSAT X-ray observations, they suggested that TW Pic may be an intermediate polar based on its high X-ray to optical flux ratio and its strong He ii 4686-A Ê emission line (for a review of intermediate polars, see Patterson 1994) .
Subsequently, Buckley & Tuohy (1990) reported an optical spectroscopic study of the system and determined periods of 2:10
:1 h and 6:5^1:0 h from radial-velocity measurements, which they took to represent the spin period of the white dwarf and the orbital period of the binary, respectively. A re-analysis of the EXOSAT data by Buckley & Tuohy (1990) this time revealed the 2.1-h proposed spin period, and new optical photometry also showed the 6.5-h proposed orbital period. A later optical photometric study of TW Pic by Patterson & Moulden (1993) revealed periods of 6:06^0:03 h and 1:996^0:001 h, which they interpreted as more accurate determinations of the orbital and spin periods found by Buckley & Tuohy (1990) . Patterson & Moulden (1993) noted, however, that the 6-h period appeared to drift throughout their 3 weeks of observations, and that the supposed orbital profile varied greatly from cycle to cycle. Indeed, when the power spectra of the two weeks of observations were computed independently, they indicated different periods. Furthermore, when Patterson & Moulden admitted the possibility of a slow drift in the period, they found that 6.25 h was a better fit to their data overall.
2A ROSAT HRI OBSERVATION
We have obtained a long X-ray observation of TW Pic with the ROSAT High Resolution Imager (HRI) (Zombeck et al. 1995) , which comprises 47.9 ks on source between 1995 Nov 15 17:39 ut and 1995 Nov 24 19:59 ut. The observation was performed iǹ time critical' mode, observing the source for a span of about five hours per day, over ten days. Each day's observation comprises between three and five satellite orbits, each of which in turn consists of around 1 ks of data.
Astrometry
The only X-ray source visible in the HRI field is one at RA 05 h 34 m 50: s 5 Dec. 258801 H 44 HH (J2000.0) with a positional uncertainty of about 4
HH and a count rate of 0.20 count s 21 . For comparison, according to the ROSAT All-Sky Survey (RASS) Bright Source Catalogue (Voges et al., 1999) , an X-ray source labelled 1RXS J053451.2±580150 was detected during 1990 (PSPC) . The separation between these two X-ray positions is about 8 HH , so the position of the X-ray source in our HRI X-ray image is therefore consistent with the position of the source detected in the RASS.
The optical position of TW Pic from Tuohy et al. (1986) HH , whilst between our HRI X-ray position and the DSS position the offset is only 3
HH . If we believe the optical position from the DSS rather than from Tuohy et al., then it is fairly certain that both the RASS X-ray source and the object detected in our HRI pointing are indeed TW Pic.
Time-series analysis
Using the Starlink asterix software (Allen & Vallance 1995) , data were optimally extracted from a region of the HRI image about half an arcmin in radius, centred on the source, and background subtraction was carried out using the data from a nearby region of blank sky. A binned light curve with 10-s time resolution was created and is shown in Fig. 1 .
To analyse the light curve we used the one-dimensional clean algorithm in the implementation of H. J. Lehto. This periodsearching algorithm is ideal for detecting multiply periodic signals in unevenly spaced data and we have shown in the past that it is particularly suited to analysing X-ray light curves of intermediate polars (see for example Norton et al. 1997; Beardmore et al. 1998 , and references in both). In particular, Lehto's implementation has a variable gain such that window function peaks are less likely to be preserved in the absence of stronger signal peaks. The results of clean are shown in Fig. 2 .
The top panel simply shows the window function of the time series ± it reflects the ,96-min satellite orbit (large-scalè envelope' structure) and the daily observation slots (small-scalè spike' structure). The second panel is the raw or`dirty' power spectrum of the time series. The fact that this looks essentially the same as the window function is a good indication that there are no periodicities in the data that result from TW Pic itself. The third panel is another`dirty' power spectrum of the time series, but this time with the mean value of the data removed prior to calculation of the Fourier transform. This effectively removes the`first order' window function from the data allowing any weak signals to be seen more clearly. Note that the vertical scale of this power spectrum is 100 times greater than in the second panel. Some residual structure appears to be present in this power spectrum, but close inspection again reveals that all the prominent peaks are at window-function frequencies.
q 2000 RAS, MNRAS 312, 362±370 Figure 1 . The X-ray light curve of the ROSAT HRI observation of TW Pic. The top panel is the whole light curve and shows the 10`daily' observation slots, each broken up into a number of satellite orbits. The middle panel shows the four satellite orbits of data from a single day (the fourth day of observations is used as the example) at 100-s time resolution. The lower panel shows a single satellite orbit of data at 10-s time resolution (the third orbit of the fourth day is the example here).
The bottom panel shows the cleaned power spectrum, with the vertical scale enhanced by a further factor of 5 over that in the third panel. The two largest spikes in the cleaned power spectrum, near to 3:5 Â 10 24 Hz, are at window-function frequencies and so are unlikely to represent real signals. (In fact, their frequencies correspond to half the orbital period of the satellite and its one day alias.) Whilst there are peaks in the cleaned power spectrum that are above the average noise of about 10 27 count 2 s
22
, this is to be expected in the analysis of any time series. The`average noise' is merely that, and there will always be q 2000 RAS, MNRAS 312, 362±370 Figure 2 . The power spectrum of the ROSAT HRI light curve of TW Pic. The top panel shows the window function of the data; the second panel shows thè dirty' power spectrum; the third panel shows the`dirty' power spectrum after the mean has been subtracted from the data (note that the vertical scale increases by a factor of 100 between the second and third panels); and the bottom panel shows the cleaned power spectrum (note the further increase in vertical scale by a factor of 5 between the third and fourth panels). Tick marks show the locations of the previously reported periods for this system. a few frequencies whose power deviates from the mean noise power ± one may think of them as residing in the wings of a broad distribution of noise powers.
The cleaned X-ray power spectra of confirmed intermediate polars always show clear signals at one or more of the system periods (see for example Norton et al. 1997; Beardmore et al. 1998) , and that is not the case here. There are no significant signals at either of the previously reported periods of this object. At periods of both 6.06 h and 1.996 h, the cleaned power is less than about 10 27 count 2 s 22 , corresponding to a limiting amplitude in the light curve of ,6 Â 10 24 count s 21 . (NB The amplitude is equal to twice the square root of the cleaned power.) The upper limit to any modulation in the X-ray light curve at these periods is therefore 0.3 per cent. In the`dirty' power spectrum there is a peak close to the proposed spin period, but this is at a frequency of 1=P satellite 2 3=P day 1:3956^0:0008Â10
24 Hz, whereas the proposed spin period corresponds to a frequency of 1:3917^0:0007Â10 24 Hz. Within the frequency resolution of the power spectrum, therefore, a signal at the proposed spin frequency would be resolved. Even if it were not resolved though, if a signal were present from the source then an excess of power above that in the window function would remain after cleaning, and that is not the case here.
Of the peaks visible in the lower panel of Fig. 2 , those nearest to the positions of the previously detected periods correspond to 5.68 h and 1.79 h, respectively. With power of 0:26 Â 10 25 count 2 s 22 and 0:33 Â 10 25 count 2 s 22 , the corresponding modulation of these signals is 1.6 per cent and 1.8 per cent. However, because there are several peaks in the cleaned power spectrum with power of the order of 10 25 count 2 s
,i ti s impossible to decide which (if any) of them may represent a coherent signal from the source rather than just noise. We can safely say that there are no periodic signals detected with a modulation greater than about 3 per cent, and that most (if not all) of the power spectrum peaks below this limit are the result of noise too. (The power spectra in Fig. 2 are only plotted out to 10 23 Hz to emphasize the structure at lower frequencies, but there are no larger peaks out to the Nyquist frequency of 3 Â 10 23 Hz either.)
We, therefore, conclude that the X-ray light curve of TW Pic from this ROSAT HRI observation displays no intrinsic periodic signals, with a period greater than about 300 s, down to a limiting modulation of less than 3 per cent.
OPTICAL PHOTOMETRY
Charge-coupled device (CCD) photometry of TW Pic was undertaken on the South African Astronomical Observatory (SAAO) 1.0-m telescope in 1990 August and September using the University College London (UCL) CCD camera utilizing an RCA chip. Observations were conducted in photometric conditions, with E-region standards being observed immediately before and after the TW Pic observations. The CCD frames were corrected for pre-flash, bias-subtracted and flat-fielded before being reduced using the dophot package (Mateo & Schechter 1989) to produce both aperture and point spread function (PSF)-fit magnitudes. Natural extinction-corrected magnitudes were determined for all the stars on the frames and zero points applied using the E-region star observations. Finally, the magnitudes were transformed to the standard Johnson±Cousins system, and the results are listed in Table 1 . Included in the table are magnitude determinations of a bright comparison star observed on all the frames (the star is ,1 H east of TW Pic, see the finding chart in Tuohy et al. (1986) ). Standard errors on the magnitudes are estimated to be ,0.05.
The 1990 August observations show that TW Pic was in a faint state V 18:1, the first recorded dimming ever seen in this star. For comparison, the average UBVRI magnitudes of TW Pic recorded in 1984 October/November by Tuohy et al. (1986) were 13.7, 14.7, 14.9, 15 .0 and 15.1, respectively, whilst the typical B magnitude recorded in 1990 November by Patterson & Moulden (1993) was 14.2. Clearly the`bright' state is more common, and the faint state seen in 1990 August is not due to calibration errors, as the comparison star shows no variation within the uncertainties.
Interestingly, the 1990 August observations were taken during the ROSAT All-Sky Survey (RASS), when TW Pic was within the scan window. Numerically, the ROSAT count rates during the RASS (0.22 count s 21 ) and our HRI observation (0.20 count s 21 ) were similar, but the observations were made with different instruments that have a different response. Using the pimms software (Mukai 1993 ) and the spectral parameters determined by Tuohy et al. (1986) , the RASS PSPC count-rate transforms to an HRI count rate of 0.066 count s
21
. Therefore, the X-ray flux from TW Pic during 1990 August must have been around three times lower than it was during our X-ray observations in 1995 November. This is further evidence that TW Pic was indeed in a faint state during 1990 August.
OPTICAL POLARIMETRY
TW Pic was observed with the University of Cape Town (UCT) Polarimeter on the SAAO 1.9-m telescope on 1994 February 11/12. Filterless (i.e.`white light') observations in the`Stokes mode' of operation (simultaneous measurement of all four Stokes parameters) were obtained for ,30 min, with 3-min integrations on the star, interleaved with 2-min background measurements. The mean values for the linear and circular polarization were 0:80 :4 per cent and 20:07^0:21 per cent, respectively (1s errors). These low polarization values rule out the possibility that TW Pic is a polar.
q 2000 RAS, MNRAS 312, 362±370 Although the linear polarization is very low, it may be significant and if so is probably due to interstellar polarisation. Using the relationship of Barrett (1996) , the value above implies a distance of around 400^200 pc for TW Pic. This may be compared with the estimated distance of 140 140 270 pc from Tuohy et al. (1986) based on the equivalent width of the Hb emission line.
THE STATUS OF TW PIC
In the light of the observations discussed above, we now reconsider the status of TW Pic and its place in the various subclasses of cataclysmic variables.
Is TW Pic an intermediate polar?
The , respectively , whilst the 15th magnitude TX Col has a HRI count rate of 0.07 count s 21 ). On the basis of its X-ray to optical flux ratio, therefore, TW Pic would seem to be a good candidate for intermediate polar status, as Tuohy et al. (1986) originally suggested. However, the flux ratio alone is not enough to secure its membership of that class.
The one unambiguous signature of an intermediate polar is a coherent X-ray pulsation at a period significantly less than the binary orbital period. Based on this most sensitive X-ray observation yet of TW Pic, no such pulsation exists and so we have no evidence to support the proposed classification of the system. TW Pic may still be an intermediate polar, but one seen at a very low inclination angle such that a constant X-ray flux is seen from the upper magnetic pole, and the lower one is permanently hidden. The relatively low radial-velocity amplitudes (,20 km s 21 and ,60 km s
21
) of the two periods seen by Buckley & Tuohy (1990) do suggest a low inclination angle. However, no such low inclination intermediate polars have yet been identified ± probably because they have no defining characteristic! Moreover, there would be no reason for TW Pic to display a spin-related X-ray pulsation in the EXOSAT observation, but for it to disappear by the time of the ROSAT observation. Intermediate polars can change from disc-fed to disc-overflow accretion on a time-scale of years Beardmore et al. 1998) or months (Wheatley 1999) but this is reflected in the appearance or disappearance of beat-frequency components in the X-ray power spectrum, not a disappearance of pulsations all together. No confirmed intermediate polar has ever been seen to`lose' its X-ray spin pulse.
The original detection of the ,2 hr period was in the optical spectroscopic data of Buckley & Tuohy (1990) . Their subsequent detection of a similar period in the EXOSAT X-ray data is barely significant, and indeed went unnoticed in the earlier analysis of the same data (Tuohy et al. 1986) . It is doubtful whether the X-ray detection of the period would have been claimed without the prior discovery of the ,2-hr optical period. To demonstrate this we have carried out a re-analysis of the EXOSAT data (from the archive at Leicester University) using the same technique as applied to the ROSAT HRI data. Our power spectrum, shown in Fig. 3 , reveals several peaks of comparable power, including one close to a period of 2 h. However, there is no reason to choose one of the peaks in preference to any other, and no indication that any of them represent a true coherent signal in the data. We also note that the EXOSAT count rate of TW Pic, when converted to the equivalent ROSAT HRI count rate using the spectral parameters fitted by Tuohy et al. (1986) and the pimms software (Mukai 1993) , yields about 0.17 count s 21 . Hence the X-ray flux at the two epochs is broadly similar and does not point to any significant change in the mode or amount of accretion between the two observations. We conclude that TW Pic does not exhibit an X-ray pulsation, and probably never has.
As noted in Section 3, TW Pic shows evidence for a low state. Warner (1999) points out that only one intermediate polar (V1223 Sgr) has shown evidence for low states in its long-term light curve. Therefore, this may be further evidence against the intermediate polar interpretation of TW Pic.
To close the chapter on its intermediate polar status, we note that if TW Pic really were a magnetic system, and if the spin period of the white dwarf really were around 2 h, it would represent the slowest rotator amongst all the intermediate polars.
The only confirmed intermediate polar coming close to this is EX Hya, with a spin period of 67 min. However, EX Hya is unusual in that its spin and orbital periods are in a ,2:3 ratio. King & Wynn (1999) have shown that high-magnetic-field intermediate polars will indeed evolve such that their periods end up in a ,2:3 ratio, not the apparent ,1:3 ratio that the previously proposed periods of TW Pic might indicate. This is a further reason for rejecting the previous identification of the system and its proposed spin period.
Finally, we conclude from our brief polarimetric observation q 2000 RAS, MNRAS 312, 362±370 Figure 3 . The cleaned power spectrum of the EXOSAT light curve of TW Pic. The highest peak corresponds to a period of around 3.3 h, and there are several peaks of comparable power to the one at 2.1 h. From these data alone there is no reason to believe that an intrinsic 2-h period exists in TW Pic.
(admittedly only covering a small fraction of the purported orbital period) that there is no evidence for TW Pic being a polar either. Because TW Pic does not display a spin-related X-ray pulsation, we would not expect the spin period of the white dwarf to be apparent in optical photometry or spectroscopy either. So, even if TW Pic is a low-inclination intermediate polar, we must therefore suggest some other explanation for the periods previously reported in this system.
Does TW Pic have a short orbital period?
Although the ,6-h period has been suggested as the orbital period of TW Pic, the reasons for disbelieving that this represents the orbital motion have already been discussed by Patterson & Moulden (1993) . In their photometric data, this period was observed to drift over the course of 3 weeks by up to 0.3 cycles. Moreover, they note that the profile of the ,6-h modulation simply does not look stable, and varies significantly from cycle to cycle. The spectroscopic and photometric observations reported by Buckley & Tuohy (1990) both detected a ,6-h period, but again the constancy of the period is not convincing, and in that case could merely be a subharmonic of the ,2-h period, as neither of their periods are determined very accurately. The case in favour of a ,6-h orbital period is therefore not conclusive.
Although we have discounted 2 h as the white-dwarf spin period, none the less, a stable ,2-h period has been clearly detected in both optical spectroscopy (Buckley & Tuohy 1990) and in optical photometry (Patterson & Moulden 1993) , and is undoubtedly real. A possible explanation for this is that 1.996 h represents the orbital period of the system and as such we would not necessarily expect to detect it in an X-ray observation, unless the system were seen at a relatively high inclination. (The small radial-velocity amplitudes indicate a low inclination, as noted earlier.) The problem then becomes, if ,2 h is the orbital period of the system, what is the explanation for the ,6-h period?
Perhaps the 6-h period represents the precession of an accretion disc. Unfortunately this cannot be the case because, as shown by Larwood (1998) , disc precession is unlikely to occur with a period much less than about ten times the orbital period. A way out of the dilemma may be that the ,6-h period is itself a harmonic of a longer disc precession period of, say, ,24 h.
Does TW Pic display superhumps?
To begin the discussion of another possible model for TW Pic, we begin by returning to the photometric data presented by Patterson & Moulden (1993) . Their data consisted of two runs with different telescopes, a week apart. The power spectrum of the first data set has its highest peak at a period of 6.36 h, whilst the power spectrum of the second data set has its highest peak at a period of 6.09 h. It is the combined data set that exhibits a peak at 6.06 h, and even here a second peak with similar power is apparent at 6.73 h. We suggest that the true orbital period of TW Pic may be around 6.36 h, and that the signal at 6.09 h (or 6.06 h) represents a negative superhump period. The confusion between the two periods in Patterson & Moulden's data sets may then be the reason for the apparent instability in the period. In this scenario the coherent 1.996-h period is the shifted second harmonic of the superhump period. We consider below the reasons for supporting this model.
Conventional superhumps are quasi-periodic oscillations that appear in the light curves of SU UMa type cataclysmic variables during superoutbursts, with periods a few per cent longer than the orbital period (for a review see Warner 1995) . According to Patterson (1999) , persistent superhumps have also been seen in 18 other nova-like cataclysmic variables, all but one of which have orbital periods below about 4 hr and all of which are intrinsically bright (Patterson & Warner 1998; Retter & Naylor 1999) . Indeed, Retter & Leibowitz (1998) have suggested that non-magnetic novae with short orbital periods naturally evolve into persistent superhump systems and then later into SU UMa stars as they fade into quiescence. As a result, systems below the period gap are either of the SU UMa type, or they are persistent superhump systems, depending simply on their mass accretion rate. 14 of the persistent superhump systems listed by Patterson display`positive superhumps', the periods of which are slightly longer than the orbital period. They mostly follow the same period excess to orbital period correlation that conventional superhump systems do and the generally accepted explanation is that the phenomenon is due to apsidal precession in an accretion disc (Patterson 1999) . 11 of Patterson's persistent superhump systems display`negative superhumps' with a superhump period that is a few per cent less than the orbital period. In these systems, the proposed explanation is that the superhump periods are the result of nodal precession of an accretion disc (Patterson 1999 ). However, Murray & Armitage (1998) find no evidence from their numerical simulations that negative superhumps can arise in this way, and state that their origin remains a puzzle. As will be clear from the numbers above, seven of Patterson's persistent superhump systems display both positive and negative superhumps.
Interestingly, the longest period system for which superhumps have been seen is the intermediate polar TV Col. This system displays a spectroscopic (orbital) period of 5.49 h, as well as photometric periods of around 4 d and 5.19 h (Hutchings et al. 1981; Barrett, O'Donoghue & Warner 1988) . The latter period is interpreted as the negative superhump period, whilst the long period is assumed to be a disc precession period. Retter (1999) has recently detected signals of a positive superhump period in TV Col too, at a period of ,6.4 h. In general, the superhump periods (P sh ) and disc precession periods (P prec ) are related to the orbital period by 1=P sh 1=P orb^1 =P prec . In most systems, however, the precession period is not seen directly.
Using equation (8) of Retter & Leibowitz (1998) we can estimate the mass accretion rate of TW Pic, and use this to locate the system in the M Ç /P orb plane. As noted earlier, a typical V magnitude for TW Pic in its normal (bright) state appears to be about 14.5. For the extinction, we adopt the law proposed by Sandage (1972) and recently refined by Chen et al. (1998) which, for a galactic latitude b 2338 appropriate to TW Pic, yields A v 0:07 mag at 500 pc and A v 0:11 mag at 1 kpc. So, assuming a typical white-dwarf mass of 0.7 M ( and a distance of 500 pc (Patterson 1994) , the mass accretion rate for TW Pic turns out to be 1:3 Â 10 17 gs 21 . However, the distance in Patterson (1994) is clearly uncertain, and if TW Pic were 1 kpc away, the mass accretion rate would be 5:3 Â 10 17 gs 21 . Now, using equation (1) of Retter & Leibowitz (1998) , the critical mass accretion rate between states where a system would and would not exhibit persistent superhumps, for a period of 6.36 h, is about 5:9 Â 10 17 gs 21 . We note that there are a few uncertainties in the calculation of the location of the critical line for thermal stability (possibly moving it by a factor of 3), and in addition the inclination angle of TW Pic is unknown, which further increases the uncertainty in the location (see Retter & Naylor 1999) . Therefore, the indication is that TW Pic may be close to the borderline where it would have a high-enough mass accretion rate for persistent superhumps to occur. As further evidence, a high accretion rate is also indicated by the relatively high X-ray to optical flux ratio noted by Tuohy et al. (1986) , which drew attention to the object in the first place.
Assuming that TW Pic has a negative superhump period of 6.06 h and an orbital period of 6.36 h, the fractional superhump period excess, e P sh 2 P orb =P orb 20:047. This is comparable to the value e 20:055 for TV Col, which has a similar orbital period, as noted earlier. Fig. 4 shows a graph of superhump period excess against orbital period for all the negative superhump systems in Patterson (1999) , with the position of TW Pic added. As can be seen, TW Pic follows the general trend seen in other systems. A linear regression fit to all the data yields the general relationship e 20:17P orb 2 0:0097, where P orb is in days.
Finally, we note that if 1.996 h represents the second harmonic of a negative superhump period, then it is about 1 per cent shorter than a true harmonic period, which would be at about 2.02 h. It is no surprise to see the second harmonic of the superhump period in TW Pic, as other persistent superhump systems show a similar effect. For instance in AM CVn the first and second harmonics are seen whilst the fundamental is absent (Provencal et al. 1995) and several harmonics are seen in other superhumping systems too (eg. O'Donoghue et al. 1994; Patterson et al. 1995; Harvey & Patterson 1995; Retter, Leibowitz & Ofek 1997) . The harmonic periods in several of these systems are a fraction of a per cent shorter than the exact harmonic period (eg. V1159 Ori: Patterson et al. 1995; CY UMa: Harvey & Patterson 1995; V1974 Cyg: Retter et al. 1997 . A shift of 1 per cent in the harmonic period in TW Pic, with a longer orbital period, is therefore not unreasonable. One suggestion to explain this phenomenon is that of differential precession of the accretion disc (Harvey & Patterson 1995) .
There are several further pieces of evidence for this interpretation of TW Pic. Typical values for the peak-to-peak amplitudes of persistent superhump systems are around 0.10±0.15 mag (Retter & Naylor 1999) , and this compares well with the 0.15-mag amplitude for TW Pic reported by Patterson & Moulden (1993) . Neither is TW Pic unusual in showing strong X-ray emission. Other persistent superhump systems such as Nova V603 Aql 1918, Nova V1974 Cyg 1992, Nova CP Pup 1942, TT Ari and TV Col (see Patterson et al. 1997; Retter et al. 1997; Patterson & Warner 1998; Skillman et al. 1998; Augusteijn et al. 1994, respectively) are all X-ray emitters (Verbunt et al. 1997) . In fact, V603 Aql, CP Pup and TT Ari have each been suggested as potential intermediate polars at one time or another (see Haefner & Metz 1985; Balman, Orio & O È gelman 1995; Warner 1983, respectively) , so TW Pic would not be the first system to make this transition between classifications.
There are problems with the superhump suggestion though. First, theoretical models suggest that superhumps only occur in systems with mass ratios q < 0:33. Assuming a typical whitedwarf mass and the usual relationship between secondary mass and orbital period for a Roche lobe-filling star, the phenomenon should only occur in systems with orbital periods below about 3 h. Despite this, Patterson (1999) lists five systems with orbital periods between 3 and 4 h that each show both positive and negative persistent superhumps, and TV Col is even more extreme with an orbital period of 5.5 h. A second problem is that the ,2-h period in TW Pic has been seen in optical radial velocities as well as photometry, and this would be unusual for a period related to disc precession.
Is TW Pic a VY Scl star?
As noted earlier, the visual magnitude of TW Pic has been seen to q 2000 RAS, MNRAS 312, 362±370 drop by around four magnitudes to V , 18. As such it may well be a VY Scl star. These are nova-like systems that usually reside in a`bright' state but drop down to`faint' states on occasion. As a result of this behaviour, they are sometimes called`anti-dwarf novae'. Ritter & Kolb (1998) classify twelve cataclysmic variables in their catalogue as VY Scl stars. Of this subset, three are also persistent superhump systems (Patterson 1999) , namely TT Ari, BH Lyn (both show positive and negative superhumps) and V442 Oph (negative superhumps only). So persistent negative superhumps may be a common feature of VY Scl stars in their bright states. We also note that none of the catalogued VY Scl stars are intermediate polars, which may provide further evidence in support of the reclassification. Greiner et al. (1999) have suggested that VY Scl stars in their low states may have a link with supersoft X-ray sources. In particular, they detected a very soft X-ray spectrum kT BB , 19 eV from V751 Cyg during an optical low state, at which time the X-ray flux was around 20 times higher than when the system is optically bright. During the ROSAT All-Sky Survey (RASS), (when TW Pic was in an optical low state) the X-ray hardness ratios of TW Pic were HR1 0:68^0:09 and HR2 0:59^0:10.
1 This suggests that TW Pic had a relatively hard X-ray spectrum at that time and, as noted earlier, its X-ray flux was relatively low too. Clearly, therefore, TW Pic does not exhibit the same optical/X-ray anticorrelation as V751 Cyg and does not show a`supersoft' X-ray spectrum.
For comparison, Verbunt et al. (1997) discussed the X-ray hardness ratios of 91 cataclysmic variables (CVs) of various types detected by the RASS. The hardness ratios of TW Pic (strangely absent from Verbunt et al.'s paper) are very similar to those of all other CVs detected, with the exception of polars that are in general much softer. Unfortunately, Verbunt et al. (1997) do not mention whether any of the other CVs detected by the RASS were in low states at the time, so no conclusions can be drawn on this matter.
A more serious problem with the interpretation of TW Pic as a VY Scl star is that all VY Scl stars have orbital periods in the range ,3±4 hr. (Although the Ritter & Kolb (1998) catalogue lists two VY Scl stars with longer orbital periods, recent work has shown that their periods are also in this range, namely: V794 Aql, P orb 3:68 hr (Honeycutt & Robertson 1998) and V751 Cyg, P orb 4:05 hr (Thorstensen, private communication).) So if TW Pic really were a VY Scl star, it would be the longest period such system by a long way. Conversely, if the orbital period of TW Pic is ,2 hr, it would be the shortest period VY Scl star!
CONCLUSION
We have considered four possible scenarios for the nature of TW Pic and demonstrated that there are problems with each: (i) TW Pic has been proposed as an intermediate polar; however, the power spectrum of our long ROSAT HRI X-ray light curve shows no sign of either the previously proposed white-dwarf spin period (1.996 h) or the proposed binary orbital period (6.06 h). The period claimed from the earlier EXOSAT observation is by no means convincing either. The absence of a coherent X-ray pulsation casts doubt on the proposed classification. TW Pic could conceivably be a low inclination system, such that no X-ray pulsation is apparent, but there is then the problem of explaining why a short-period modulation has been seen in the optical. Whilst the strengths of spin, beat or orbital signals in the X-ray power spectra of a few intermediate polars have been seen to vary, no intermediate polar has been seen to lose its spin pulse. The lack of significant optical polarization implies that TW Pic is not a polar either.
(ii) We have demonstrated that TW Pic lies close to the critical dividing line in the M Ç /P orb plane, which separates thermally stable systems (persistent superhumpers and nova-like variables) from those that are thermally unstable (SU UMa stars and U Gem stars). Using this evidence and re-interpreting previously published analyses, we suggest that TW Pic might display persistent negative superhumps with a period of about 6.06 h and that its orbital period is around 6.36 h. Under this interpretation, we have shown that TW Pic follows the same relationship between superhump period excess and orbital period as the rest of the negative superhump systems. The observed period of 1.996 h may be the second harmonic of the superhump period, shifted by about 1 per cent, as is seen in several other superhump systems. Problems with this interpretation are that theoretical models for persistent superhumps predict that the phenomenon will not occur at such long orbital periods and that the short period is seen in optical radial velocities, which is not expected for a superhump harmonic.
(iii) As the 1.996-h period is apparently the most stable clock in the system, it is possible that this represents the orbital period of TW Pic. However, in this case there is a problem in explaining the origin of the ,6-h period, as this is too short to be a disc precession period, for instance. Possibly the ,6-h period is itself a harmonic of a longer disc precession period of, say, ,24 h.
(iv) UBVRI photometry of TW Pic shows that on one occasion it faded by ,4 magnitudes, when compared with its`normal' brightness. This measurement was simultaneous with the ROSAT All-Sky Survey observation of TW Pic, during which the X-ray flux was also reduced in comparison with our later X-ray observation. This suggests that TW Pic may be a VY Scl star. A problem here is that all known VY Scl stars are well constrained to the period range ,3±4 h.
Further observations of TW Pic to investigate the long-term photometric behaviour, the stability of the optical periods and perhaps to find more periods associated with the superhump phenomenon would enable the persistent superhump and VY Scl star identifications to be confirmed or rejected.
